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[57] ABSTRACT

An electrophotographic photoreceptor is disclosed,
which comprises an electrically conductive substrate
having formed thereon at least a charge generating
layer and a charge transporting layer, wherein said
charge generating layer is formed using a dispersed
coating liquid prepared by mechanically grinding a
perylene pigment and dispersing the ground perylene
pigment in water, an alcohol series solvent, or an acetic
acid ester solvent. A process of producing the photore-
ceptor 1s also disclosed. The electrophotographic pho-
toreceptor provides a long pot life and stabilized dis-
persibility and electric characteristics.

15 Claims, 6 Drawing Sheets
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ELECTROPHOTOGRAPHIC PHOTORECEPTOR
AND PRODUCTION PROCESS THEREOF

FIELD OF THE INVENTION

The present invention relates to a high-sensitive elec-
trophotographic photoreceptor prepared by using a
coating liquid containing a perylene pigment excellent
in the dispersion stability and to a production process
thereof.

BACKGROUND OF THE INVENTION

Hitherto, as the charge generating material for an
electrophotographic photoreceptor having a sensitivity
to visible hight and near infrared light, many materials
such as condensed aromatic pigments, pyrylium dyes,
perylene pigments, squarylium pigments, bisazo pig-
ments, trisazo pigments, phthalocyanine pigments, etc.,
are known and various proposals have been made.

On the perylene pigments, various proposals have
been made in JP-A-57-176047 (the term “JP-A as used
herein means an “unexamined published Japanese pa-
tent application™), JP-A-59-59686, JP-A-63-180956,
JP-A-63-291061, JP-A-63-243947, JP-A-63-243946, JP-
A-2-37356, JP-A-2-228670, JP-A-2-228671, JP-A-3-
24059, and U.S. Pat. Nos. 4,587,189, 3,992,205,
4,419,427, 5,019,473, etc.

Also, as a method of forming a charge generating
~ layer for an organic photosensitive material, a vapor
deposition method and a coating method are generally
known but the coating method is more advantageous
for the production in the view points of not requiring a
complicated evacuating apparatus, etc., and of easily
controlling the film thickness.

A perylene pigment is an excellent charge generating
material but there is a problem that when a charge
generating layer composed of the perylene pigment is
formed by a coating method, the sensitivity thereof
becomes lower than the case of forming the charge
generating layer of the perylene pigment by a vapor
deposition method.

For improving this point, U.S. Pat. No. 5,019,473
described above proposes that a perylene pigment is
mechanically ground and the finely powdered perylene
pigment is used in a coating liquid for forming a charge
generating layer. However, the coating liguid prepared
by the method can form an electrophotographic photo-
receptor initially showing an excellent sensitivity but
since the electrophotographic photoreceptor is desensi-
tized with the passage of time, the method is unsuitable
for the case of forming the charge generating layer by a
coating method.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above-described circumstances in the conventional
techniques and the object of the present invention is to
provide a high-sensitive electrophotographic photore-
ceptor prepared using a pigment-dispersed coating lig-
uid having a long pot life and having stabilized dispers-
ibility and electric characteristics, and also to provide a
production process thereof.

As the result of various investigations, the inventors
have discovered that the desensitization of the electro-
photographic photoreceptor having a charge .generat-
ing layer formed by using a coating liquid containing a
perylene pigment has a close relation with the crystal
growth or the crystal growth with a crystal dislocation
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of the perylene pigment with a solvent in the coating
liquid. Also, as the result of investigating various sol-
vents, the inventors have discovered that in the case of
using cyclohexanone, tetrahydrofuran, toluene, etc.,
which are conventionally known as a solvent for the
foregoing coating liquid, a perylene pigment easily
causes the crystal growth but in the case of using water,
an alcohol series solvent, or an acetic acid ester series
solvent as the solvent for the foregoing coating liquid, a
perylene pigment does not substantially cause the crys-
tal dislocation and the crystal growth and hence a coat-
ing liquid of a perylene pigment having a long pot life
and having stabilized dispersibility and electric charac-
teristics is obtained, and have succeeded in accomplish-
ing the present invention based on the discovery.

That 1s, according to an aspect of the present inven-
tion, there is provided an electrophotographic photore-
ceptor comprising an electrically conductive substrate
having formed thereon at least a charge generating
layer and a charge transporting layer, wherein the
charge generating layer is formed using a dispersed
coating liquid obtained by mechanically grinding a
perylene pigment and dispersing the ground pigment in
water, an alcohol series solvent, or an acetic acid ester
series solvent.

Also, according to another aspect of the present in-
vention, there is provided a process of producing an
electrophotographic photoreceptor by forming on an
electrically conductive substrate at least a charge gener-
ating layer and a charge transporting layer using a coat-
ing liquid for forming the charge generating layer and a
coating liquid for forming the charge transporting
layer, which comprises forming the charge generating
layer using a dispersed coating liquid obtained by me-
chanically grinding a perylene pigment and dispersing
the ground pigment in water, an alcohol series solvent,
or an acetic acid ester series solvent.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a graph showing the powder X-ray diffrac-
tion pattern of the bisbenzimidazole perylene pigment
obtained in Synthesis Example 1,

FI1G. 2 1s a graph showing the powder X-ray diffrac-
tion pattern of the bisbenzimidazole perylene pigment
obtained in Synthesis Example 2,

FIG. 3 1s a graph showing the powder X-ray diffrac-
tion spectra of the fine-powdered bisbenzimidazole
perylene pigment obtained in Stabilization Test 6 and
the bisbenzimidazole perylene pigment after 2.5 hours
since grinding in Synthesis Example 3,

FIG. 4 1s a graph showing the powder X-ray diffrac-
tion pattern of the bisbenzimidazole perylene pigment
after 19 hours since grinding in Synthesis Example 3,

FIG. 5 is a graph showing the powder X-ray diffrac-
tion pattern of the bisbenzimidazole perylene pigment
obtained in Synthesis Example 3,

FIG. 6 1s a graph showing the powder X-ray diffrac-
tion pattern of the bisbenzimidazole perylene pigment
obtained in Synthesis Example 4,

FIG. 7 i1s a graph showing the powder X-ray diffrac-
tion pattern of the fine-powdered bisbenzimidazole
perylene pigment obtained in Stabilization Tests 1 to 5,

FIG. 8 15 a graph showing the powder X-ray diffrac-
tion pattern of the fine-powdered bisbenzimidazole
perylene pigment obtained in Stabilization Tests 7 to 9,

FI1G. 9 1s a graph showing the ultraviolet absorption
spectrum of the fine-powdered bisbenzimidazole pery-
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lene pigment obtained in Stabilization Tests 1 to 5 in a
polyvinyl butyral resin film,

FIG. 10 1s a graph showing the ultraviolet absorption
spectrum of the fine-powdered bisbenzimidazole pery-
lene pigment obtained in Stabilization Tests 6 to 9 in the
polyvinyl butyral resin film,

FIG. 11 1s a schematic cross sectional view showing
an example of the electrophotographic photoreceptor
of the present invention,

FIG. 12 1s a schematic cross sectional view showing
other example of the electrophotographic photorecep-
tor of the present invention,

FIG. 13 1s a schematic cross sectional view showing
still other example of the electrophotographic photore-
ceptor of the present invention, and

FIG. 14 1s a schematic cross sectional view showing
an another example of the electrophotographic photo-
receptor of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Then, each layer constituting the -electrophoto-
graphic photoreceptor of the present invention is ex-
plained.

FI1G. 11 to FIG. 14 are schematic cross sectional
views showing several examples of the electrophoto-
graphic photoreceptor of the present invention. FIG. 11
to FI1G. 14 each shows the case that the photosensitive
layer is a laminated layer structure and in each example,
a charge generating layer 1 is formed on an electrically
conductive substrate 3 and a charge transporting layer 2
1s formed on the charge generating layer 1. In FIG. 12,
an undercoat layer 4 is further formed on the conduc-
tive substrate 3, in FIG. 13, a protective layer 5 is
formed on the surface, and in FIG. 14, an undercoat
layer 4 and a protective layer 5 are formed.

As an electrically conductive substrate, any sub-
strates which can be usually used for electrophoto-
graphic photoreceptors can be used.

Specific examples of the substrate are metals such as
aluminum, nickel, chromium, stainless steel, etc.; plastic
films each coated with a thin layer of aluminum, tita-
nium, nickel, chromium, stainless steel, gold, vanadium,
tin oxide, indium oxide, ITO, etc.; and papers or plastic
films each coated with or impregnated with an electri-
cal conductivity-imparting agent.

The conductive substrate is used as a proper form
such as a drum form, a sheet form, a plate form, etc.,
although the substrate form in the present invention is
not limited to them.

Furthermore, if necessary, various kinds of surface
treatments may be applied to the surface of the conduc-
tive substrate in the range of not giving influences on
the images formed thereon. For example, an oxidation
treatment, a chemical treatment, a coloring treatment,
or a diffused reflection treatment such as sand grinding,
etc., can be applied onto the surface.

In the present invention, an undercoat layer may be
formed between the conductive substrate and the
charge generating layer.

The undercoat layer has a function of preventing the
injection of electrostatic charges from the conductive
substrate into the photosensitive layers at charging the
photosensitive layers and a function as an adhesive layer
for keeping the photosensitive layers and the conduc-
tive substrate in a body by adhering them, or as the case

may be, shows a function or preventing the reflection of

light at the conductive substrate.
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As a binder resin for the undercoat layer, a polyethyl-
ene resin, a polypropylene resin, an acrylic resin, a
methacrylic resin, a polyamide resin, a vinyl chloride
resin, a vinyl acetate resin, a phenol resin, a polycarbon-
ate resin, a polyurethane resin, a polyimide resin, a
vinylidene chloride resin, a polyvinyl acetal resin, a
vinyl chloride-vinyl acetate copolymer, a polyvinyl
alcohol resin, a water-soluble polyester resin, nitrocellu-
lose, casein, gelatin, polyglutamic acid, starch, starch
acetate, amino starch, a zirconium chelate compound,
organic titanyl compounds (such as a titanyl chelate
compound, titanyl alkoxide compound, etc.), a silane
coupling agent, etc., can be used.

As a coating method employed at the formation of
the undercoat layer, there are ordinary methods such as
a blade coating method, a wire bar coating method, a
spray coating method, a dip coating method, a bead
coating method, an air knife coating method, a curtain
coating method, etc.

The thickness of the undercoat layer is from 0.01 to
10 pm, and preferably from 0.05 to 2 um.

'The charge generating layer in the present invention
1s composed of the binder resin having dispersed therein
a perylene series pigment and as the perylene series
pigment, the pigments represented by the following
general formulae (II), (III), and (IV) are used in this
invention:

)

0 0
\ 4
A—N N—A
O O

wherein A represents a hydrogen atom, an alkyl group
having from 1 to 4 carbon atoms, a substituted or unsub-
stituted aryl group, an aralkyl group, an alkoxyalkyl
group, a carboxylate group, a heterocyclic group, or an
alkoxyaryl group;

(I1I)

wherein X represents a divalent aromatic hydrocarbon
group or a divalent heterocyclic group; and

(IV)

wherein X has the same meaning as above.

Specific examples of the substituent groups for the
substituted aryl group of A in general formula (II) in-
clude a phenyl group, a biphenyl group, a naphthyl
group, a 4-methyiphenyl group, a 2,4-dimethylphenyl
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group, a 3,5-dimethylphenyl group, a 4-chlorophenyl
group, a 4-nitrophenyl group, a 4-methoxyphenyl
group, etc.

Specific examples of the perylene series pigment
being used preferably in the present invention are N,N'-
diphenylperylene-3,4,9,10-tetracarboxylic acid diimide
shown by the following formula (V), cis-bisben-
zimidazo(2,1-a-1',1’-b)anthra(2,1,9-def:6,5,10-d’'e'f -
)diisoquinoline-6,11-dione shown by the following for-

mula (VI), and transbisbenzimidazo(2,1-a-1,1'-b)an- 10

thra(2,1,9-def:6,5,10-d’e'f")diisoquinoline-10,2 1-dione.

The perylene series pigment being particularly pref-
erably used in the present invention is a bisben-
zimidazole perylene pigment wherein the Bragg angle
(20£0.2°) has the strong diffraction peaks at 6.2°, 12.3°,
and 26.6° to 26.9° and the Bragg angle (26+0.2°) does
not show the clear diffraction peak at 11.5° in the X-ray
diffraction pattern thereof after mechanically grinding.

In addition, the foregoing perylene series pigment
can be synthesized by a known method such as the
methods described, e.g., in Journal of Chemical Society,
1764(1937) and JP-A-3-24059.

Also, it 1s preferred that before grinding the perylene
series pigment, the perylene series pigment is purified
by sublimation by the method described in foregoing
JP-A-3-24059.

The perylene series pigment is mechanically ground
after the synthesis or the purification by sublimation to
provide the fine-powder pigment.

For mechanically grinding the perylene pigment, any
known means such as a ball mill, a .mortar, a sand mill,
a kneader, an attritor, a vibration mill, etc., can be used
but a ball mill and a vibration mill are preferably used in
this invention.

In the case of using a ball mill or a vibration mill, the
diameter of the media for the mill is preferably from 1
mm to 30 mm and as the material of the media, iron,
alumina, zirconia, stainless steel, etc., are used but ce-
ramics such as alumina, zirconia, etc., are preferably
used from the view point of obtaining a good image
quality.

In the case of using a ball mill or a vibration mill, the
amount of the media being used is from about 1 to 20
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parts by weight to 1 part by weight of the pigment. If
the amount of the media is too large, the occurrence of
contamination is undesirably increased. In a practical
case, the amount of the media is from about 5 to 10 parts
by weight per 1 part by weight of the pigment.

The temperature for grinding is from 0° C. to 150° C.,
and preferably from room temperature to 100° C. Also,
the grinding time is from 3 to 50 hours. If the grinding
time 1s too long, the occurrence of contamination is
increased and hence grinding is stopped when the parti-
cle size of the ground pigment becomes a proper size. In

(V)

(VD)

(V1)

a practical case, the grinding time is from about 20 to 30
hours. |

The particle sizes of the pigment after grinding are
preferably from 0.03 pm (minor axis length) < 0.05 wm
(major axis length) to 0.05 pum X 0.1 um (the grain sizes
of the unground pigment are from 10 pm X 100 um to 10
pum X 500 pm).

The foregoing diameter and amount of the media, the
grinding time, and the grinding time relate to each other
and at practice, a proper condition is selected by ob-
serving the particle size of the pigment.

According to the apparatus being used for grinding
the pigment, it sometimes happens that impurities origi-
nated from the apparatus intermix with the pigment
and, m particular, when the pigment is ground using
stainless steel, iron, etc., as the media, the impurities
intermixed form conductive paths in the charge gener-
ating layer to cause defects for image quality and hence
it 1S necessary to remove these mixed impurities from
the pigment dispersed in a solvent by centrifugal separa-
tion utilizing the difference in specific gravities or by
using a magnet, etc.

At mechanically grinding the perylene pigment, by
using a grinding aid such as sodium chloride, borax,
etc., crystals of the pigment having a uniform particle
size can be obtained with a very good efficiency. The
amount of the grinding aid may be in the range of from
J to 200 parts by weight, and preferably from 10 to 30
parts by weight to 10 parts by weight of the pigment. If
the amount of the grinding aid is too large, although the
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grinding efficiency is increased to some extent, after
grinding, it is necessary to remove the grinding aid by
washing and hence the excessive use of the grinding aid
is undesirable for production.

The finely ground perylene pigment thus obtained is
dispersed in water, an alcohol series solvent or an acetic
acid ester series solvent having dissolved therein a
proper binder resin to provide a dispersed coating lig-
uid.

As the alcohol series solvent or the acetic acid ester
series solvent, various kinds of solvents are used but
from a problem of causing dripping the coating liquid
and a problem of a drying temperature, the solvent
having a boiling point of from 60° C. to 160° C. is prop-
erly used.

As the alcohol series solvent, for example, n-butanol,
n-pentanol, n-hexanol, and sec-heptanol are suitably
used and as the acetic acid ester series solvent, for exam-
ple, ethyl acetate, propyl acetate, butyl acetate, and
pentyl acetate are suitably used. Also, a mixed solvent
of water and an alcohol may be used.

The binder resin can be properly selected from a wide
range of insulating resins. Examples of the preferred
binder resins are insulating resins such as a polyvinyl
butyral resins, a polyarylate resin (a condensation prod-
uct of bisphenol A and phthalic acid, etc.), a polycar-
bonate resin, a polyester resin, a polyacrylamide resin, a
polyvinylpyridine resin, a cellulose resin, a urethane
resin, an epoxy resin, casein, a polyvinyl alcohol resin, a
polyvinyl pyrrolidone resin, etc. These insulating resins
can be used singly or as a mixture thereof.

Also, the binder resin can be selected from organic
photoconductive polymers such as poly-N-vinyl carba-
zole, polyvinyl anthracene, polyvinyl pyrene, polysi-
lane, etc.

The dispersed coating liquid can further contain a
surface active agent for the purpose of improving the
dispersion stability.

The compounding ratio (weight ratio) of the perylene
series pigment and the binder resin in the dispersion
coating liquid is preferably in the range of from 10/1 to
1/10.

As a method of dispersing the perylene series pigment
in the foregoing solvent, a ball mill dispersion method,
an attritor dispersion method, a sand mill dispersion
method, etc., can be employed.

Then, the dispersed coating liquid prepared as de-
scribed above is formed on a conductive substrate to
form a charge generating layer. The thickness of the
charge generating layer in the present invention is gen-
erally from 0.1 to 5 um, and preferably from 0.2 to 2.0
pm.

Also, for forming the charge generating layer, an
ordinary coating method such as a blade coating
method, a wire bar coating method, a spray coating
method, a dip coating method, a bead coating method,
an air knife coating method, a curtain coating method,
etc., can be used.

On the charge generating layer formed as described
above 1s, then, formed a charge transporting layer. In
the present invention, the charge transporting layer can
be formed using a coating liquid prepared by incorpo-
rating a charge transporting material in a solvent con-
taining a proper binder resin.

As the charge transporting material, any known ma-
terials can be used. In particular, a benzidine series
compound represented by the following general for-
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mula (I) can be preferably used in the present invention.

9 gii

wherein R represents a hydrogen atom, an alkyl group,
an alkoxy group, or a halogen atom; R; and R3 each
represents a hydrogen atom, an alkyl group, an alkoxy
group, a halogen atom, a substituted amino group; and
m and n each represents O, 1 or 2.

Specific examples of these benzidine series com-
pounds are shown in Table 1, Table 2, and Table 3
shown below.

TABLE 1
Compound No. Rj R~ R3
I-1 CH; H H
I-2 CHj3 2-CHs3> H
I-3 CH3 3-CHj H
14 CH;3 4-CH3 | H
1.5 CH; 4-CH3 2'-CH3
I-6 CHj 4-CH3 3'-CHj3
I-7 CH; 4-CH3 4'-CHj3
I-8 CH; 3,4-CHj3 H
I-9 CHj 3,4-CH3 3',4'-CHj3
I-10 CH3 4-.C-oHs H
I-11 CH3; 4-C3H7 H
I-12 CHj; 4-C4Hy H
I-13 CH3 4-CoHs 2'-CHs3
1-14 CHj3 4-CoHs 3-CHj
I-15 CH3 4-C-oHs 4'-CHj;
I-16 CH3 4-CoHs 3,4'-CHj
I-17 CH3 4-C3H~y 3-CH3
I-18 CH3 4-C3H7 4'-CH3
1-19 CH;3 4-C4Hyg 3’-CHj3
I-20 CH; 4-C4Hg 4'-CH3
TABLE 2
Compound No. R1 R> R3
I-21 CHj; 4-CHHs 4'-CsHjs
I-22 CH3 4-C>Hj; 4'-OCHj3;
I-23 CHj3; 4-C3H- 4'-C3H7
1-24 CHj3 4-C3H7 4'-OCH3
1-25 CH; 4-C4Hg 4'-C4Hg
1-26 CHa 4-CsHg 4'-OCHa3;
I-27 Cl H H
1-28 Cl 2-CH3 H
1-29 Cl 3-CH3 H
I-30 Cl 4-CHj; H
I-31 Cl 4.CHj; 2'-CHj3
I-32 Cl 4-CHj3 3'-CHj3
I-33 Cl 4-CH3 4'-CH3
1-34 CHj; 2-N(CH3)» H
I-35 CHj; 3-N(CH3)» H
I-36 CHj3 4N(CH3)» H
I-37 CoHj H . H
I-33 CoHjs 2-CHj3 H
I-39 C>Hs 3-CHj; H
1-40 CsHj 4.CH3 H
TABLE 3
Compound No. R1 R, Rz
1-41 CaHs5 4-CHj3 4’-CH3
142 CrHs 4-C,Hj; 4'-CH3
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TABLE 3-continued

Compound No. R R, R3
I-43 CoHs 4-C3H~ 4'-CHj
I-44 C2Hs 4-CaHg 4'-CH3
I-45 OCH;3 H - H
1-46 OCH;j; 2-CH3 H
147 OCHj3; 3-CHj H
1-48 OCH; 4-CHj H
I-49 OCHj3 4-CHj3 4'-CHj3
I-50 OCHj; 4-CrHs 4'-CHj3
I-51 OCHj3 4-C3sH7 4'-CH;
I-52 OCHj3 4-C4Hg 4'-CH3
I-53 H 2-CH3 H
I1-54 H 3-CHj3 H
I-55 H 4-CHj3 H
I-56 H 4-CH3 4'-CHj;
I-57 H 4-CH3 4'.CsHs
I-58 H 3-CHj3 3'-CH3

These benzidine series compounds may be used singly
or as a mixture thereof.

Furthermore, as the binder resin being used for the
charge transporting layer in this invention, there are
known resins such as a polycarbonate resin, a polyester
resin, a methacrylic resin, an acrylic resin, a polyvinyl
chloride resin, polyvinylidene chloride resin, polysty-
rene resin, polyvinyl acetate resin, a styrene-butadiene
copolymer, a vinylidene chloride-acrylonitrile copoly-
mer, a vinyl chloridevinyl acetate copolymer, a vinyl
chloride-vinyl acetate-maleic anhydride copolymer, a
silicone resin, a silicone-alkyd resin, a phenol-formalde-
hyde resin, a styrene-alkyd resin, poly-N-vinyl carba-
zole, polysitane, etc., although the binder resin being
used in the present invention is not limited to them.
Also, these binder resins may be used singly or as a
mixture thereof.

The compounding ratio (weight ratio) of the charge
transporting material and the binder resin is preferably
from 10/1 to 1/5.

In the present invention, the thickness of the charge
transporting layer is generally from 5 to 50 um, and
preferably from 10 to 30 um. As a coating method for
forming the charge tramsporting layer, an ordinary
method such as a blade coating method, a wire bar
coating method, a spray coating method, a dip coating
method, a bead coating method, an air knife coating
method, a curtain coating method, etc., can be used.

Furthermore, as a solvent being used for forming the
charge transporting layer, ordinary organic solvents,
for example, aromatic hydrocarbons such as benzene,
toluene, xylene, chlorobenzene, etc.; ketones such as
acetone, 2-butanone, etc.; halogenated aliphatic hydro-
carbons such as methylene chloride, chloroform, ethyl-
enc chloride, etc.; and cyclic or straight chain ethers
such as tetrahydrofuran, ethyl ether, etc., can be used
singly or as a mixture thereof.

In the electrophotographic photoreceptor of the
present invention, the charge generating layer and the
charge transporting layer can contain additives such as
an antioxidant, a light stabilizer, a heat stabilizer, etc.,
for the purpose of preventing the occurrence of the
deterioration of the photosensitive material by ozone
and an oxidative gas generated in a copying machine or
by light or heat.

Examples of the antioxidant are hindered phenols,
hindered amines, paraphenylenediamine, arylalkane,
hydroquinone, spirocoumarone, spiroindanone, the de-
rivatives of them, organic sulfur compounds, and or-
ganic phosphorus compounds.
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Examples of the light stabilizer are the derivatives
such as benzophenone, benzotriazole, dithiocarbamate,
tetramethylpiperidine, etc.

Also, the electrophotographic photoreceptor of the
present invention can further contain at least one kind
of an electron-acceptive material for the purposes of the
improvement of the sensitivity, the reduction of the
residual potential, the reduction of fatigue at the re-
peated use, etc.

Examples of the electron-acceptive material which
can be used for the electrophotographic photoreceptor
of the present invention are succinic anhydride, maleic
anhydride, dibromomaleic anhydride, phthalic anhy-
dride, tetrabromophthalic anhydride, tetracyanoethy-
lene, tetracyanoquinodimethane, o-dinitrobenzene, m-
dinitrobenzene, chloranyl, dinitroanthragquinone, trini-
trofluorenone, picric acid, o-nitrobenzoic acid, p-
nitrobenzoic acid, and phthalic acid. In these com-
pounds, the benzene derivatives each having an elec-
tron acceptive substituent such as a fluorenone series
substituent, a quinone series substituent, Cl, CN, NQO,,
etc., are particularly preferred.

Furthermore, if necessary, a protective layer may be
provided on the charge transporting layer. The protec-
tive layer is used for preventing the occurrence of the
chemical change of the quality of the charge transport-
ing layer at charging the photosensitive layer composed
of the laminated layer structure and also for improving
the mechanical strength of the photosensitive layer.

The protective layer is formed by containing an elec-
trically conductive material in a suitable binder. Exam-
ples, but non-specific, of the electrically conductive
material are metallocene compounds such as N,N’-
dimethyl ferrocene, aromatic amine compounds such as
N,N’-diphenyl-N,N'-bis(3-methylphenyl)-[1,1’-
biphenyl]-4,4'-diamine, and metal oxides such as anti-
mony oxide, tin oxide, titanium oxide, indium oxide, and
tin oxide-antimony oxide.

As the binder resin being used for the protective
layer, there are known resins such as a polyamide resin,
a polyurethane resin, a polyester-resin, an epoxy resin, a
polyketone resin, a polycarbonate resin, a polyvinyl
ketone resin, a polystyrene resin, a polyacrylamide
resin, etc.

Also, 1t 1s preferred that the protective layer is consti-
tuted such that the electric resistance thereof becomes
from 1X 107 to 1X 1014 Ql.cm. If the electric resistance
of the protective layer is higher than 1x 1014 Q.cm, the
residual potential is increased to give duplicates having
many fogs and if the electric resistance thereof is lower
than 1X10° Q.cm, images formed are blurred and the
resolving power is lowered.

Furthermore, the protective layer must be con-
structed such that the layer does not substantially hin-
der the transmission of light being used for the image
exposure.

The proper thickness of the protective layer being
used 1in this invention is from 0.5 to 20 wm, and prefera-
bly from 1 to 10 pm. -

Then, the present invention is explained by the fol-
lowing examples. In addition, in the following synthesis
examples and the examples, “parts” are all “by weight”.

Synthesis Example

In a 20 liter stainless steel reaction vessel were mixed
817 g (2.08 mols) of perylene-3,4,9,10-tetracarboxylic
acild dianhydride, 1169 g (10.4 mols) of o-phenylenedia-
mine, and 9.36 liters of 1-chloronaphthalene. The mix-



5,395,722

11

ture obtained was heated to a temperature of from 240°
C. to 250° C. for 3 hours with stirring and then cooled
to room temperature. Then, a solid product formed was
obtained by filtering the reaction mixture with a filter
cloth and then washed thrice with N,N-dimethylforma- 5
mide. Thereafter, the solid product was mixed with an
alcohol solution of sodium hydroxide to provide a
slurry. After filtering the slurry, the solid product col-
lected was washed with N,N-dimethylformamide and
then methanol, and then dried overnight in an oven at
95° C. to provide 1100 g of a bisbenzimidazole perylene
pigment (a2 mixture of the cis form and the trans form).
Furthermore, the pigment was purified by sublimation.
The powder X-ray diffraction pattern of the pigment
after the purification by sublimation is shown in FIG. 1
(showing strong peaks at 0.8°, 10.2°, and 12.5°).

The particle sizes of the pigment were from 10
pm X 100 pm to 10 pm X500 pm.

10

15

Synthesis Example 2 0

Using a planetary ball mill type P-5 (manufactured by
Fritsch Co.; agate pot inside diameter 100 mm and using
44 agate balls each having a diameter of 20 mm and 3
agate balls each having a diameter of 25 mm), 10 g of
the bisbenzimidazole perylene pigment after the purifi- 25
cation by sublimation obtained in Synthesis Example 1
was ground for 27 hours. The powder X-ray diffraction
pattern of the finely powdered benzimidazole perylene
pigment obtained is shown in FIG. 2 (showing strong
peaks at 6.2°, 12.3°, and 27.0°).

The particle sizes of the pigment were from 0.04
um < 0.08 pm to 0.05 pm XxO0.1 pm.

30

Synthesis Example 3

After grinding 5 g of the benzimidazole perylene 35
pigment after the purification by sublimation obtained
in Synthesis Example 1 together with 10 g of sodium

12
grinding is shown in FIG. 4 (showing strong peaks at
6.1°12.1°, and 26.7°).
The peak of 26.9° shifted to the low angle side by
grinding.

Synthesis Example 4

After grinding 5 g of the bisbenzimidazole perylene
pigment after the purification by sublimation obtained
in Synthesis Example 1 together with 25 g of sodium
chloride using. a planetary ball mill Type P-5 (manufac-
tured by Fritsch Co.; agate pot inside diameter 100 mm,
using 44 agate balls each having a diameter of 20 mm
and 3 agate balls each having a diameter of 25 mm) for
27 hours, the ground pigment was sufficiently washed
with distilled water and dried to provide 4.6 g of bisben-
zimidazole perylene pigment. The powder X-ray dif-
fraction pattern of the finely powdered bisben-
zimidazole perylene pigment obtained is shown in FIG.
6 (showing strong peaks at 6.2°, 12.2°, and 26.6°).

The particle sizes of the pigment were from 0.03
pm X 0.05 pm to 0.03 pm X0.1 pm.

[Stability Test in Solvent]

For determining the stability of the bisbenzimidazole
perylene pigment after grinding in a solvent, 0.5 g of the
finely powdered bisbenzimidazole perylene pigment
obtained in Synthesis Example 3, 30 g of glass beads,
and 15 ml of methylene chloride, monochlorobenzene,
tetrahydrofuran, cyclohexane, dimethylformamide, wa-
ter, butanol, ethylene glycol, or n-butyl acetate were
placed in standard bottle No. 10 and after milling the
mixture for 24 hours at 150 r.p.m., the pigment was
washed with methanol and dried.

The powder X-ray diffraction pattern of each of the
finely powdered benzimidazole perylene pigments thus
obtained and the ultraviolet absorption spectrum of
each pigment in a polyvinyl butyral resin film are
shown in Table 4.

TABLE 4
Powder X-ray Ultraviolet
Stability Diffraction Absorption Particle Size
Test Solvent Pattern Spectrum (um)

Test 1 Methylene Chloride FI1G. 7 FIG. 9 0.1 Xx0.2 —0.15 X 0.2
Test 2 Monochcorobenzene Same as FIG. 7  Same as FIG. 9 "

Test 3 THF Same as FIG. 7 Same as FIG. 9

Test 4 Cyclohexanone Same as FIG. 7 Same as FIG. 9

Test 5 DMF Same as FIG. 7 Same as FIG. 9 "

Test 6 Water Same as F1G. 3 FIG. 10 0.03 X 0.05 — 0.03 x 0.1
Test 7 Butanol FIG. 8 Same as FIG. 10 0.04 X 0.05 - 0.04 X 0.1
Test § Ethylene Glycol Same as FIG. § Same as FIG. 10 "’

Test 9 n-Butyl Acetate Same as FIG. 8 Same as FIG. 10 "

chloride using a planetary ball mill type P-5 (manufac-
tured by Fritsch Co.; agate pot inside diameter 100 mm
and using 44 agate balls each having a diameter of 20
mm and 3 agate balls each having a diameter of 25 mm)
for 27 hours, the ground mixture was sufficiently
washed with distilled water and dried to provide 4.8 g
of the bisbenzimidazole perylene pigment. The powder
X-ray diffraction pattern of the finely powdered bisben-
zimidazole perylene pigment i1s shown in FIG. S (show-
ing strong peaks at 6.2°, 12.2° C., and 26.6°).

The particle sizes of the pigment were from 0.03
pmXx0.05 pm to 0.03 umX0.1 pum.

Also, the powder X-ray diffraction pattern of the
benzimidazole perylene pigment obtained by grinding
by the same manner as above for 2.5 hours is shown in 65
FIG. 3 (showing strong peaks at 6.3°, 12.3°, and 26.8°).

Furthermore, the powder X-ray diffraction pattern of
the benzimidazole perylene pigment after 19 hours since

33

60

As 1s clear from the results of the powder X-ray dif-
fraction patterns and the ultraviolet absorption spectra,
it can be seen that the crystal growth occurs in methy-
lene chloride, monochlorobenzene, tetrahydrofuran,
cyclohexane, and dimethylformamide and the ultravio-
let absorption shifted to a short wavelength side.

EXAMPLE 1

A coating liquid composed of 10 parts of an or-
ganozirconium compound (Orgatics ZC540, trade
name, made by Matsumoto Seiyaku K. K.), 2 parts of a
silane coupling agent (A1110, trade name, made by
Nippon Unicar Co., Ltd.), 30 parts of isopropyl alcohol,
and 30 parts of n-butanol was coated on an aluminum-
plated plate by a dip coating method and dried by heat-
ing to 150° C. for 5 minutes to form an undercoat layer
having a thickness of 0.1 pm.
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Then, a coating liquid was prepared by mixing 0.1
part of the finely powdered bisbenzimidazole perylene
pigment obtained in Synthesis Example 2 with 0.1 part
of polyvinyl butyral (S-Lec BM-S, trade name, made by
Sekisui Chemical Co., 1.td.), and 10 parts of butanol and
dispersing the pigment therein by treating the mixture
together with glass beads by means of a paint shaker for
one hour and the coating liquid directly after dispersion
or the coating liquid which was allowed to stand for
one week for comparing the stability of the dispersion
was coated on the undercoat layer by a dip coating
method followed by drying at 100° C. for 5 minutes to
form a charge generating layer having a thickness of 0.2
pm. Then, 1 part of a compound shown by the follow-
ing structural formula (VIII) and 1 part of poly(4,4-
cyclohexylidenediphenylene diphenylene carbonate)
constituted by a repeating unit shown by the following
structural formula (IX) were dissolved in 8 parts of
monochlorobenzene and the coated liquid thus obtained

was coated on the charge generating layer formed on 20

the aluminum base plate by a dip coating method and
dried by heating to 120° C. for one hour to form a
charge transporting layer having a thickness of 20 um.

5,395,722
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-continued
o (IX)

0 C O—C

S

On the electrophotographic photoreceptor obtained,

10 the following measurements were carried out using a

15

flat plate scanner under the circumstance of normal
temperature and normal humidity (20° C., 40% RH).
Vppp: The surface potential after one second since
negatively charging the sample by applying corona
discharging of —6.0 KV.
dV/dE: Sensitivity of the sample to spectral light of
680 n.m. formed by using a band path filter.
VRrp: The surface potential after irradiating the sam-
ple with white light of 50 erg/cm? for 0.5 second.
The results obtained are shown in Table 5 below.

EXAMPLES 2 to 6

By following the same procedure as Example 1 ex-
cept that each of the finely powdered bisbenzimidazole

25 perylene pigments and each of the coating solvents
(VIID shown in Table S below were used, each of electropho-
tographic photoreceptors was prepared and the proper-
ties thereof were measured as in Example 1.
The results obtained are shown in Table 5.
30 :
N @ @ N Comparative Examples 1 to 4
By following the same procedure as Example 1 ex-
cept that each of the finely powdered bisbenzimidazole
perylene pigments and each of the coating solvents
35 shown in Table 5 below were used, each of electropho-
cH tographic photoreceptors was prepared and the proper-
3 CHj £; .
ies thereof were measured as in Example 1.
The results obtained are shown in Table 5.
TABLE 35
Initial Characteristic of
Charge ____Electrophotoreceptor
Generating Coating VDDP dV/dE VRp
Material Solvent (V) (Vcm?/erg) V)
Example 1 (a) Syn. Ex. 2 Butanol — 800 120 —80
Example 1 (b) Syn. Ex. 2 Butanol — 795 115 —85
Example 2 (a) Syn. Ex. 2 n-Butyl Acetate — 800 125 —75
Example 2 (b) Syn. Ex. 2  n-Butyl Acetate - 795 110 —85
Example 3 (a) Syn. Ex. 3 Butanol —810 150 —35
Example 3 (b) Syn. Ex. 3 Butanol —805 145 —40
Example 4 (a) Syn. Ex. 3  n-Butyl Acetate —815 155 —30
Example 4 (b) Syn. Ex. 3  n-Butyl Acetate = —805 145 40
Example 5 (a) Syn. Ex. 4 Butanol —3810 170 —20
Example 5 (b) Syn. Ex. 4 Butanol — 800 165 —25
Example 6 (a) Syn. Ex. 4 n-Butyl Acetate @ —810 175 —20
Example 6 (b) Syn. Ex. 4  n-Butyl Acetate @ —800 165 —25
Comparative Syn. Ex.2  Cyclohexanone — 800 115 —85
Example 1 (2)
Comparative Syn. Ex. 2 Cyclohexanone — 810 80 -~ 125
Example 1 (b)
Comparative Syn. Ex. 2 THF — 800 110 —85
Example 2 (a)
Comparative Syn. Ex. 2 THF - —805 85 —120
Example 2 (b) '
Comparative Syn. Ex. 1  Cyclohexanone:  —820 20 —600
Example 3 (a)
Comparative Syn. Ex. 1 Cyclohexanone —820 15 — 600
Example 3 (b)
Comparative Test 1 Butanol — 800 80 —120
Example 4 (a)
Comparative Test 1 Butanol — 800 75 —125

Example 4 (b)
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Syn. EX.: Synthesis Example
(a): Immediately after dispersion.
(b): After one weak since the dispersion.

As 1s also clear from the results shown in the above
table, i1t can be seen that since in the present invention,

the charge generating layer is formed using a pigment-
dispersed coating liquid having a long pot life and stabi-
lized dispersibility and electric characteristics, the elec-
trophotographic photoreceptor having a high sensitiv-
ity can be stably prepared.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What 1s claimed is:

1. An electrophotographic photoreceptor comprising
an electrically conductive substrate having formed
thereon at least a charge generating layer and a charge
transporting layer, wherein said charge generating
layer is formed using a dispersed coating liquid pre-
pared by mechanically grinding a perylene pigment and
dispersing the ground perylene pigment in water, an
alcohol series solvent, or an acetic acid ester solvent,
sald ground perylene pigment having strong diffraction
peaks at about 6.2°, 12.3° and 26.6° t0 26.9° of the Bragg
angle (20+0.2°).

2. The electrophotographic photoreceptor of claim 1,
wherein said charge transporting layer contains a benzi-
dine series compound represented by the following
general formula

(RS)@

wherein R represents a hydrogen atom, an alkyl group,
an alkoxy group, or a halogen atom; R and Rj3 each
represents a hydrogen atom, an alkyl group, an alkoxy
group, a halogen atom or a substituted amino group:;
and m and n each represents 0, 1, or 2.

3. The electrophotographic photoreceptor of claim 1,
wherein said charge generating layer is composed of a
binder resin having dispersed therein the mechanical
ground perylene pigment having an average particle
size of from 0.03X0.05 pm to 0.05X<0.1 um.

4. The electrophotographic photoreceptor of claim 1,
wherein said ground perylene pigment is dispersed in
water.
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5. The electrophotographic photoreceptor of claim 1,
wherein said ground perylene pigment is dispersed in
n-butyl acetate.

6. The electrophotographic photoreceptor of claim 1,
wherein said perylene pigment is N,N’-diphenylpery-
lene-3,4,9,10-tetracarboxylic acid diimide, cis-bisben-
zimidazo(2,1-a-1',1'-b)anthra(2,1,9-def:6,5,10-d'e'f'-
)diisoquinoline-6,11-dione or trans-bisbenzimidazo(2,1-
a-1,1'-b)anthra(2,1,9-def:6,5,10-d’e'f)diisoquinoline-
10,21-dione.

7. The electrophotographic photoreceptor of claim 1,
wherein said perylene pigment is benzimidazole pery-
lene pigment.

8. A process of producing an electrophotographic
photoreceptor composed of an electrically conductive
substrate having formed thereon at least a charge gener-
ating layer and a charge transporting layer using a coat-
ing hiquid for the charge generating layer and a coating
liquid for the charge transporting layer, which com-
prises forming said charge generating layer using a
dispersed coating liquid obtained by mechanically
grinding a perylene pigment and dispersing the ground
pigment in water, or n-butyl acetate.

9. The process of producing an electrophotographic
photoreceptor according to claim 8, comprising dis-
persing in water N,N’-diphenylperylene-3,4,9,10-tet-
racarboxylic acid diimide, cis-bisbenzimidazo(2,1-a-
1',1'-b)anthra(2,1,9-def:6,5,10-d’e'f)diisoquinoline-6,1 1-
dione or transbisbenzimidazo(2,1-a-1,1’-b)anthra(2,1,9-
def:6,5,10-d'e’f")diisoquinoline-10,21-dione.

10. The process of producing an electrophotographic
photoreceptor according to claim 8, comprising dis-
persing benzimidazole perylene pigment in water.

11. A process of producing an electrophotographic
photoreceptor comprising forming a charge generating
layer by applying a coating liquid comprising perylene
pigment having strong diffraction peaks at about 6.2°,
12.3° and 26.6° to 26.9° of the Bragg angle (20+0.2°)
dispersed in water, an alcohol series solvent, or an
acetic acid series solvent.

12. The process of producing an electrophotographic
photoreceptor according to claim 11, wherein said per-
ylene pigment is dispersed in n-butyl acetate.

13. The process of producing an electrophotographic
photoreceptor according to claim 11, wherein said per-
yvlene pigment is dispersed in water.

14. The process of producing an electrophotographic
photoreceptor according to claim 11, wherein said per-
ylene pigment is selected from the group consisting of
N,N’'-diphenylperylene-3,4,9,10-tetracarboxylic  acid
dumide, cis-bisbenzimidazo(2,1-a-1’,1’-b)anthra(2,1,9-
def:6,5,10-d’e'f")diisoquinoline-6,11-dione and trans-bis-
benzimidazo(2,1-a-1,1’-bjanthra(2,1,9-def:6,5,10-d’e’f’-
)diisoquinoline-10,21-dione.

15. The process of producing an electrophotographic
photoreceptor according to claim 11, wherein said coat-

ing liquid comprises benzimidazole perylene pigment.
¥ % %k *¥ %
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